cold is that the JH virus is usually associated with low grade fever, as well as slight malaise, coryza, mild sore throat, and in some cases a cough. However, in view of the similarity between the mild respiratory infection associated with the JH virus and the common cold we hope that study of the JH virus may lead to some clues as to how the common cold virus may be isolated. In this connection it should be pointed out that the JH virus has a very long incubation period before producing a cytopathogenic effect in monkey kidney cells, particularly on primary isolation. Thus, a period of 25 days, as well as a blind passage at this time, has been found to be required in many of the isolations, the cytopathogenic effect showing up on the tenth to sixteenth day of the second passage. The enzymatic hydrolysis of glutamine in the absence of adenosine phosphates is considered a practically irreversible' reaction. Attempts have therefore been made by Levintow, Meister, and Morales2 to derive its standard free-energy change, AFO, indirectly, from available thermal data and "third-law entropies" of asparagine and ammonium aspartate. Although the argument of analogy with asparagine has recently been shown to be invalid,3 the biological significance of thermodynamic data on glutamine hydrolysis is obvious: Elliott's glutamine synthetase reaction,4 in which glutamine synthesis is coupled with the hydrolysis of adenosine triphosphate (ATP) has a well-measurable ratio of reactants and products at equilibrium,2 and the difference between the free energies of the glutaminase and glutamine synthetase reactions is the free energy of ATP hydrolysis.
The enzymatic hydrolysis of glutamine in the absence of adenosine phosphates is considered a practically irreversible' reaction. Attempts have therefore been made by Levintow, Meister, and Morales2 to derive its standard free-energy change, AFO, indirectly, from available thermal data and "third-law entropies" of asparagine and ammonium aspartate. Although the argument of analogy with asparagine has recently been shown to be invalid,3 the biological significance of thermodynamic data on glutamine hydrolysis is obvious: Elliott's glutamine synthetase reaction,4 in which glutamine synthesis is coupled with the hydrolysis of adenosine triphosphate (ATP) has a well-measurable ratio of reactants and products at equilibrium,2 and the difference between the free energies of the glutaminase and glutamine synthetase reactions is the free energy of ATP hydrolysis.
In an effort to detect with glutaminase the reverse process, glutamine synthesis, and to measure directly a possible glutaminase equilibrium, we have employed a method recently described in these PROCEEDINGS:' Free-energy, heat, and entropy changes of equilibrium reactions may be obtained from two calorimetric measurements.
C. Kitzinger and R. Hems6 have shown experimentally with the reversible enzymatic conversion of fumarate into malate that 16 cc. each of M/1,000 solutions of reactant and product suffice to carry out this determination on reactions of reasonable heat change and reasonably low change of free energy. For an almost irreversible reaction, such as glutamine hydrolysis, where Qi [cal/mole] (the heat change observed upon addition of enzyme to the reactants) approaches AH, while Q2 (the heat change observed upon addition of enzyme to the products) approaches zero, a modification of the calorimetric procedure was required. Only with a concentrated solution of products and with a pure and powerful enzyme preparation could we expect to observe the heat change Q2, associated with the reverse process. However, once the reverse process had been observed, the equilibrium ratios of concentrations of reactant and products were readily found by addition of varying small quantities of the reactant to the concentrated product solution and subsequent incubation faith enzyme in the microcalorimieter.
The enzyme, glutaininase, was prepared from (lostridium welchii, according to Hughes and Williamson,7 and further purified by additional safranin precipitation, then freed of low-molecular contaminants by dialysis, and concentrated by freezedrying. One hundred and sixty microliters of this preparation Were required to carry the reaction to the equilibrium point in the microcalorimeter within one hour, transforming 12 mieromoles of glutaminie into ammonium glutamate, or vice versa.
In Figure 1 , a, b, c, three original recordings of heat changes are reproduced and explained. It appears that a solution approximately 1 molar in ammonium glutamate and 1/1,000 molar in glutamine neither produces nor absorbs substantial heat when incubated with the enzyme (Fig. 1, b) . Here reactants and products are present at nearly the equilibrium ratio of their concentrations, whereas, with every other ratio, either glutamine synthesis absorbing heat ( Fig. 1, a) or glutamine hydrolysis producing heat (Fig. 1, c ) takes place.
Using in a series of such tests equal quantities of the same enzyme and plotting total calories absorbed or, even more simply, rates of reaction ( Fig. 2 ) taken at the same time after mixing against the initial ratios of concentrations [glutamate-]X [NH4+]/[glutamine] one finds the intersect with zero heat change, that is, the equilibrium point, with ease and precision. It appears that, over the intentionally narrow range of our observations, reaction rates are proportional to the distance from equilibrium and that the rates are identical for the back and forward reactions, as they should be at the equilibrium point. Table 1 shows the results of different experiments, as evaluated graphically.
In Table 2 thermodynamic equilibria and free energies are reported for various concentrations of the reactants. T. Spencer and K. Bascombe have calculated and permitted us to use here and in a forthcoming paper8 activity coefficients of ammonium glutamate (see Kielland") . The data reported as a result of our study depend upon the assumption that these coefficients are correct. They were considered the best available, although we were unable to substantiate them by extrapolation from the measurements which Host-ins, Randall, and Schmidt'2 have obtained at much lower concentrations of ammonium glutamate. The Figure 2 that two calorimetric measurements would usually suffice to find the equilibrium constant. The heat change, AH, is best determined with dilute solutions of glutamine. Its measurement, leading to AH = -5,300 and AF%310 = -3,430 cal/mole, will be described elsewhere,3 since it was not essentially different from similar determinations with other irreversible reactions, such as ATP hydrolysis9 or ribulose diphosphate carboxylation.10 A more detailed account of the present study is in preparation.'
Discussion.-The question may be raised whether it is permissible to attribute the heat changes observed to glutamine synthesis, without a chemical identification of any of the material practicles involved. The answer is that only a process with kinetics identical to glutamine hydrolysis and opposite sign of the heat change could have produced the pictures shown in Figure 1 , a and c, and caused the heat change to be practically zero at all times of observation in Figure 1 , b. The exist- VOLm. 42, 1956 ence of such a reaction is, of course, most improbable. Interaction of the product, glutamate, at low concentration with the enzyme used had been shown by calorimetry to be absent, and full activity of the enzyme in such tests as Figure 1 , b, was ascertained by addition of glutamine to the sample in a second calorimetric test after the equilibrium run.
In summary, it has been shown experimentally that the calorimetric determination of free-energy, heat, and entropy changes as outlined in these PROCEEDINGS5 may be applied to a seemingly irreversible reaction. The standard free-energy change of glutamine hydrolysis observed is AF'310 = -3,430 cal/mole. The sum of this quantity and whatever value is accepted for the free energy of the glutamine synthetase reaction is the free energy of ATP hydrolysis. For one example, with the value of -4,300 cal/mole at pH 7.0 and 370 C.,2 the free energy of ATP hydrolysis is AF' = -7,730 cal/mole, the heat change AH = -4,800 cal,'0 and the standard entropy change AS' = +9.45 e.u.
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